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1. The Natural Computing Paradigm



1. The Natural Computing Paradigm (II)

• Natural Computing encloses three classes of algorithms:

1

• Those that take inspiration from nature for the 
development of novel problem-solving 
techniques.

2
• Those that are based on the use of computers to 

synthesize natural phenomena.

3
• Those that employ natural materials, such DNA or 

molecules, to compute.



1. The Natural Computing Paradigm (III)

• Natural Computing spectrum:

Genetic 
Algorithms

Ant Colony 
Optimization

Particle Swarm 
Optimization

Grammatical 
Evolution

Grammatical 
Swarm

NATURAL COMPUTATION PARADIGM (NCP)

Fireworks 
Algorithm



1. The Natural Computing Paradigm (IV)

• Darwin, 1859: “Living beings have been forced to a 
continuous evolutive process looking for survival”

• Natural Selection & Evolution:



1. The Natural Computing Paradigm (V)
• GA: Set of ordered instructions, that aim to evolve a 

population to reach a solution (improved population)

• Genetic Algorithms (GA) have the following set of 
atomic elements:



1. The Natural Computing Paradigm (VI)
• Genetic Algorithms flux diagram:

• Selection: Truncation approach recommended:



1. The Natural Computing Paradigm (VII)
• Genetic Algorithm sections for Flappy Bird Algorithm:



1. The Natural Computing Paradigm (VIII)
• PSO: Reynolds, 1987: “Technique to optimize a problem 

due to a meta-heuristic strategy. Iterative improvement of a 
candidate solution with regards to a pre-stipulated quality 

criteria”



1. The Natural Computing Paradigm (IX)
• Particle Swarm Optimization (PSO) pseudo-algorithm:



1. The Natural Computing Paradigm (X)
http://www.realflow.com/



1. The Natural Computing Paradigm (XI)

• Dorigo & Di Caro, 1992: “Multi-agent paradigm 
inspired on the ants idiosyncrasy when searching for 

livelihood”

• Goss Experiment with Iridomyrmex humilis colony:



1. The Natural Computing Paradigm (XII)
• How do all the ants know what is the shortest path?

• Stigmergy: Collaboration protocol where 
communication is made due to the accumulation of 
objects, such pheromones



1. The Natural Computing Paradigm (XIII)

• Urban cores massification Urgent improvement needed
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2. Fireworks Algorithm
• FWA: Incremental and iterative search process in a 

huge solution space.



2. Fireworks Algorithm (II)

Select N initial locations

Set off N fireworks at N 
locations

Obtain sparks location

Evaluate quality of the locations

Optimal
location
found

Select N locations End

Yes

No



2. Fireworks Algorithm (III)
• FWA versus CPSO (Combinatorial Particle Swarm 

Optimization) & SPSO (Standard Particle Swarm 
Optimization)  8 Benchmark f(x) over 20 runs:



2. Fireworks Algorithm (IV)
• x ̅ and σx̅

for FWA, CPSO and SPSO on 9 benchmark 

f(x)20 independent runs of 10000 f(x) evaluations:
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3. Current Research
• Currently centered on Fireworks Algorithm

• Eleven Benchmarking functions for testing 
algorithm’s performance



3. Current Research (II)
• Pre-initialization for Spark generation in FWA

• Hardware warm-up phase for accurate results

• Executing FWA to optimize mathematical 
functions

• Gaussian Explode (adding a random value from a 
Gaussian Distribution to each spark’s direction a 
new area of interest) for FWA Sparks



3. Current Research (III)
• Classic FWA & Pre-initialized FWA are launched
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4. Investigation Results

• Classic FWA for 6 Shifts (iterations) in 12 
Fitness calculations:



4. Investigation Results (II)

• Pre-Initialized FWA for 6 Shifts (iterations) in 
12 Fitness calculations:



4. Investigation Results (III)

• Ahmdal’s Law 

Non-Improved Time

Improvement (%) =   ----------------------------

Improved Time



4. Investigation Results (IV)
• Next investigation path: Searching for a synergy 

between CPSO & FWA.

• In CPSO, Global Best (g-best) and Personal Best (p-
best) are taken into computation.

G-Best

P-Best

P-Best

P-Best

P-Best

P-Best

P-Best

E-Best?



4. Investigation Results (V)
• Global Best (g-best) and Personal Best (p-best) just 

take swarm-related data.

• In Nature, the environment plays a central role 
Extrapolation to CPSO & FWA adding E-best:

• A spark explosion success determines next spark’s 
exploding point:

G-best

P-best

Spark i

Spark
i+1

Spark
i+1

Spark
i+1

E-best
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FWA+ACO



FWA+ACO (II)



FWA+ACO (III)



5. Feasible application for Smart City rural area

Mountain 
Control 

Center/Wooded
area



5. Feasible application for Smart City (II)

• Travelling Salesman Problem (TSP): "Given a list of 
cities and the distances between each pair of cities, 
what is the shortest possible route that visits each 
city exactly once and returns to the origin city?

• NP-hard problem in combinatorial optimization



5. Feasible application for Smart City (III)

• Travelling Salesman Problem (TSP) + Ant Colony 
Optimization (ACO)

• Massive computation 

• Ants can be used to trim the search tree down 



5. Feasible application for Smart City (IV)
• System for endowing intelligence to the UPTS in development:



5. Feasible application for Smart City (V)

• Genetic Algorithms to evolve a 
route. Mobile application to:

– Inform users about backup 
routes in case of systems 
breakdown

– Calculate route between 
two points, even if there are 
blocked sections due to 
failure

– User super-pheromone for 
statistical use



5. Feasible application for Smart Space?(VI)

• Search for Extraterrestrial Intelligence (SETI)
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6. Conclusions & Discussion

• Citizens can be seen as particles among a huge 
swarm. Natural Computing algorithms are highly 
mixable.

• PhD investigation efforts currently centered in the 
Fireworks Algorithm and an optimization has 
been reached 
– FWA with pre-initialization is a 24% faster :-) 
– Investigating synergy between FWA and ACO



6. Conclusions & Discussion

Base 

• The Natural  Computation paradigm has been 
investigated, as well as its application in Smart Cities 
spectrum

Investigation

• A FWA optimization based on pre-initialization scheme 
has been given, as well as a system for finding & 
rescuing lost people in rural areas (FWA+ACO)

Development 

• FWA speed has been increased by 24% and the 
synergy between FWA+ACO looks promising.
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